INTRODUCTION
Pancreatic cancer is a devastating disease, with a 1-year survival rate ranging from 12% to 28% in Europe. [1] It is characterized by an aggressive tumor biology with early metastases.
As a result, 95% of pancreatic cancer patients eventually die of the disease within 5 years.
The only curative treatment modality for pancreatic cancer is surgery. In the last decades, survival for patients with resectable pancreatic cancer increased due to technical advances in surgical treatment as well as advances in other surgery-related factors, such as the establishment of high volume centers and implementation of adjuvant chemotherapy. [2, 3] However, about 80% of the patients with pancreatic cancer is diagnosed with locally advanced or metastatic disease and does not qualify for surgical treatment. Furthermore, the majority of patients who are treated with pancreatic surgery eventually relapses and develops local recurrence or distant metastases. [2, 4] Population-based data on treatment and outcome of metastatic pancreatic cancer are scarce. Recently, data from the US Surveillance, Epidemiology and End Result registry (SEER) showed a modest increase in median overall survival of patients with metastatic pancreatic cancer in the years 1988-2008. [5] We conducted a population-based study in order to evaluate whether the proportion of patients diagnosed with metastatic disease shifted over time, whether treatment patterns changed and to what degree this had an effect on median survival in the South of the Netherlands.
METHODS

DATA COLLECTION
For the present study we used data from the Eindhoven Cancer Registry (ECR), maintained by the Comprehensive Cancer Centre South. The ECR is a population-based registry in the Southern part of the Netherlands. The registry area comprises about 2.4 million inhabitants and encompasses ten community hospitals, two radiotherapy institutions and six pathology departments. The area does not contain university or specialized cancer hospitals. Information on patient, tumor and treatment characteristics, was routinely extracted from medical records by trained registrars operating on behalf of the ECR.
Our study included all patients who were diagnosed with a neoplasm of the pancreas (International classification of Disease for Oncology (ICD-O), second edition, topography code 157 and third edition, code C25), between 1 January 1993 and 31 December 2010. We decided to restrict the morphology to adenocarcinoma and excluded patients with neuroendocrine tumors, sarcomas or blastomas of the pancreas. However, tumors without histological confirmation were included.
The registrars classified all adenocarcinomas according to the Tumor Lymph Node Metastasis (TNM) classification and staged them following the recommendations of the International Union Against Cancer in the respective period. The clinical Extent of Disease (cEOD) was used for staging if the tumor was not histologically confirmed. We categorized tumors as locoregional (confined to the pancreas, with or without extension to surrounding organs or locoregional lymph nodes) or metastatic pancreatic cancer. Vital status of patients was assessed at 1 January 2012 through linkage with civil municipal registries and the central bureau for genealogy. The latter is an institution that collects data on all deceased Dutch citizens. Survival was calculated based on all-cause mortality.
STATISTICAL ANALYSIS
We described proportions of patients who received chemotherapy according to gender, age, socioeconomic status, number of comorbid conditions, histologic subtype, site of metastases, period of diagnosis and hospital of treatment (A to J). Differences in the administration of systemic chemotherapy between subgroups were tested by means of a χ2 test. Trends in treatment across the five periods (1993-1996, 1997-2000, 2001-2004, 2005-2008 and 2009-2010) were analyzed by means of a Cochran-Armitage trend test. Furthermore, the independent influence of these variables on the administration of chemotherapy were evaluated by means of a logistic regression analysis. Missing values were included as separate dummies in the analyses in order not to loose statistical power.
Survival time was defined as the time from diagnosis to death or 1 January 2012, for patients who were still alive. The significance of differences between survival curves were evaluated by means of a log rank test. Independent risk factors for death were discriminated by multivariable proportional hazard regression modeling. In order to investigate the effect of chemotherapy on the hazard ratios (HRs) of dying according to period of diagnosis and hospital of diagnosis, the model was run with and without treatment variable (chemotherapy yes versus no). SAS Statistical software (version 9.3, SAS institute, Cary, NC, U.S.A.) was used to perform the statistical analyses. For all analyses, a two sided P-value <0.05 was considered statistically significant. The liver (76%) and the peritoneal cavity (18%) were the most common metastatic sites.
RESULTS
Twenty four percent of the patients had metastases in two or more organs, this proportion increased overtime. Patients with liver metastases were more likely to have multiple organs affected compared to patients with non-liver metastases (P = 0.03).
The use of chemotherapy among patients with metastatic pancreatic cancer increased, from 10% in 1993-1996 to 27% in 2009-2010 (P<0.001) ( Figure 1 ). Several factors influenced the probability of receiving chemotherapy. Table 2 shows the crude proportions of patients treated with chemotherapy according to relevant patient and tumor characteristics, and the adjusted odds of being treated with chemotherapy. Chemotherapy was administered more often to younger patients and patients with a high socioeconomic status (SES). In contrast, older patients and patients without pathological confirmation received chemotherapy less frequently. Furthermore, there was a large inter-hospital variation in the prescription of chemotherapy (5 -34%), this variation was not related to the size of the hospital. 
DISCUSSION
This population-based study showed that an increasing proportion of pancreatic cancer patients presented with metastatic disease. The administration of palliative chemotherapy in these patients increased drastically, and large inter-hospital variations in the administration were noted. In the course of time, the population-based median overall survival remained dismal.
The increasing proportion of pancreatic cancer patients to present with metastatic disease is consistent with previous reports. [6, 7] The improvements in the accuracy of the current CT scans and the development of new diagnostic tools are major contributing factors. Once (metastatic) pancreatic cancer is suspected on imaging studies, pathologic confirmation is required to establish the definitive diagnosis. In 68% of the patients with metastatic pancreatic cancer the definitive diagnosis was verified by pathological examination. Low overall proportions of verification are common in pancreatic cancer. The EUROCARE-4 study, a study that gathered data from 93 European cancer registries between 1995 and 2002, found a verification rate of 63% (range 30-91%) in all patients with pancreatic cancer. [8] Our data suggest that the rate is especially low in non-metastatic pancreatic cancer. Obtaining tissue in the absence of metastases can be difficult, since the pancreas is situated in the retroperitoneum and the abundant presence of desmoplastic stroma in pancreatic tumors may hamper the identification of malignant tumor cells. [8, 9] In case of metastatic disease, health care practitioners often refrain from diagnostic biopsies in patients who are considered unfit for systemic treatment. Although in several population-based studies, pathologically unverified tumors were not taken into account, [10, 11] we included these patients into our study, in order to obtain a true reflection of the outcome of daily clinical practice in pancreatic cancer care. Since the overall survival of patients with histologically unverified pancreatic cancer was poor, the likelihood that these patients indeed suffered from pancreatic cancer is high. We believe it is of clinical relevance to report on the outcome of these patients, as they constitute a significant proportion of pancreatic cancer patients.
Although no considerable progress has been made in the chemotherapeutic treatment of metastatic pancreatic cancer during the study period, the prescription of chemotherapy increased from 10% 1993-1996 to 27% 2009-2010. Since 1997, gemcitabine monotherapy has been the reference regimen for patients with metastatic pancreatic cancer.
Although initial studies suggested a low response rate (6 to 11%), gemcitabine was approved for first-line treatment on the basis of significant improvement in 'clinical benefit' (pain relief, improved performance status, or both) and prolongation of survival (5.6 months in gemcitabine-treated patients versus 4.4 months in 5-FU-treated patients). [12] In numerous trials over the years, many different (drug) regimens have been tested. Until recently, none of these trials demonstrated a statistically significant survival benefit, except for gemcitabine plus erlotinib which was associated with a very modest, clinically irrelevant increase in overall survival of 2 weeks. [13] In the course of time, the prescription of palliative chemotherapy increased drastically, possibly because physicians became more familiar with the use of chemotherapy in pancreatic cancer after the publication by Neoptolemos et al. [14] in 2001 of adjuvant gemcitabine chemotherapy in patients with resected pancreatic cancer. [15] A similar phenomenon has been observed in patients with metastasized gastric cancer, after the introduction of perioperative chemotherapy. [16] In our study the odds of receiving chemotherapy was influenced by several patient-and tumor-related factors. First, an inverse relationship between the administration of chemotherapy and age was found, which is consistent with findings from previous reports. [17] Second, patients with a higher socioeconomic status were more likely to receive chemotherapy. [6, 7] This treatment selection according to SES has also been described by Krzyzanowska et. al. [17] for elderly patients with advanced pancreatic cancer and by Chueng et al. [18] for a cohort of patients living in the state of Florida. Third, patients without microscopically verified pancreatic cancer had lower odds for receiving chemotherapy. This is not surprising, since most guidelines recommend "a positive biopsy" before systemic treatment is started, and a biopsy can only be omitted when patients are not fit for treatment.
We observed a large hospital variation in prescription of palliative chemotherapy after adjusting for casemix. In the Netherlands, the treatment guidelines state that palliative chemotherapy should be considered in case of metastatic pancreatic cancer. [19] However a recent study found that this consideration is strongly influenced by the physicians' amount of experience and their judgment about the benefit of treatment and performance status of the patient. [20] This could explain the large hospital variation observed in our study.
In the present study, the median overall survival for patients who were treated with chemotherapy was 25 weeks compared to 8 weeks for untreated patients. In our multivariable proportional hazard analyses, chemotherapy was found to reduce the risk of death by 61%. This is high in comparison with the results from a meta-analysis of chemotherapy for locally advanced and metastatic pancreatic cancer. In this meta-analysis the risk of death was reduced by 36%. [21] The difference can be explained by the observational character of our study and underscores the influence of selection: fitter patients or patients with less advanced disease, i.e. those with a better overall survival beforehand, more often received chemotherapy. Unfortunately information on additional confounders such as performance status and disease related symptoms are lacking due to the population-based nature of our data.
Although patients treated with systemic chemotherapy had a better overall survival, increased administration of chemotherapy did not improve population-based overall survival. Perhaps, population-based improvement was not achieved because the proportion of metastatic pancreatic cancer patients treated with chemotherapy was too small, or the impact of the regimen on overall survival was too little to achieve population-based improvement. However, in our multivariable survival analysis we found that before inclusion of chemotherapy (yes vs. no) in to the model survival significantly worsened in the course of time, an effect which disappeared after adding this variable. This might be interpreted as the increased rates of chemotherapy have had a beneficial effect on an otherwise even increasingly detrimental prognosis of this patient group.
Fortunately treatment options for metastatic pancreatic cancer increase, with the introduction of new drugs and multidrug regimens. For instance FOLFIRINOX, introduced in 2011, was the first regimen to result in a median overall survival of almost 1 year in patients with metastatic pancreatic cancer. [22, 23] The regimen is, however, more toxic than gemcitabine and may therefore only be administered to younger patients with a good performance status. [22] Recently, a new combination of nab-paclitaxel and gemcitabine was introduced by van Hoff et al. this regimen also showed a clinically meaningful improvement in overall survival of patients with metastatic pancreatic cancer and may be less toxic than FOLFIRINOX. [24] As mentioned before, the impact of a regimen on population-based overall survival depends on the proportion of patients eligible to receive the regimen and the efficacy of the regimen. Although FOLFIRINOX is currently the most effective treatment in metastatic pancreatic cancer, its use is restricted to a selected group of patients. [22] Nab-paclitaxel plus gemcitabine can be used more widely, but improved the median overall survival with only 1,8 months compared to gemcitabine alone. [24] It is questionable if these regimens have enough impact to improve population-based overall survival in the near future.
However, considering these new treatment modalities the aforementioned large hospital variation in chemotherapy prescription rates might be of concern. The availability of new, more toxic, treatment regimens warrants more appropriate selection of patients, and possibly treatment by a medical oncologist with more experience with these regimens. It may be hypothesized that -similar to the centralization of surgical care for patients with resectable pancreatic cancer which has had tremendous impact on treatment outcome, and is now generally accepted in Europe [2, 25] -also patients eligible for chemotherapeutical treatment might benefit from centralization by medical oncologists. Local tumor boards might offer a solution until centralization is achieved.
In conclusion, the median survival of patients with metastatic pancreatic cancer between 1993 and 2010 remained 10 weeks in spite of a significant increase in the proportion of patients being treated with palliative chemotherapy. In the near future, it should be evaluated if the recently introduced regimens have an impact on population-based survival.
